Abstract: We experimentally demonstrate that initial atomic coherence yields Rabi oscillations in a two-level system driven by an adiabatic pulse. This method can be used to achieve Quantum Amplification by Superradiant Emission of Radiation (QASER) in atomic vapors.
Introduction
Quantum Amplification by Superradiant Emission of Radiation (QASER) is a recently proposed mechanism to achieve light amplification in the backward direction [1] . For a two-level system, this mechanism requires weak Rabi oscillations driven by a long adiabatic pulse of far-detuned radiation. However, as shown in Fig. 1(a) , when a slow raising adiabatic pulse ( ) drives a two-level system, it will not induce Rabi oscillations, instead, the population in the excited state will only adiabatically follow the envelope of the pulse (see in Fig. 1(b) ). On the other hand, if the system is prepared in a superposition state , Rabi oscillations can be generated even with an adiabatic driving pulse [2] .
Experimental setup
To demonstrate the effect, we choose hyperfine levels of Rubidium 87 as our approximate two-level system (to be justified in results and discussion). The energy levels involved in the experiment are depicted in Fig. 1(c) . Similar experiment configuration has been successfully used to study few-cycle radio frequency (RF) pulse excitation of atoms [3] . Continuous-wave laser tuned to the resonant frequency of transition between 5S1/2, and 5P1/2, , with proper polarization, was used to optically pump the population out of and states. A static magnetic field was applied along the laser propagation direction to give a 50-kHz separation of the 5S state hyperfine levels. A RF pulsed magnetic field with a Gaussian-envelope ( 0.127 ms) and 40 kHz carrier frequency was used to adiabatically drive the transition between m = 1 and m = 0. For these parameters 8. Circularly polarized RF was used to eliminate the effect of counter-rotating term. In order to create initial atomic coherence, we used a singlecycle resonant RF pulse to excite the atoms. A weak probe laser pulse was used to determine the population in the excited levels ( 0 and 1) through the absorption measurement.
Results and discussion
Experimental results are shown in Fig. 2 . When there is no initial atomic coherence, the population in the excited states adiabatically follow the envelope of the driving field intensity. But when initial atomic coherence is created, Rabi oscillations are observed. As the intensity increases to the peak of the pulse, higher Rabi frequency is seen, in agreement with the theoretical predictions.
To further verify our result, numerical simulations were performed using the experimental conditions. Full density matrix equation was solved numerically. The system relaxation was determined from the decay measurements and experimental data fitting. Equilibrium state needs to be factored out the contribution from the hyperfine levels. The details are discussed elsewhere [4] . The simulation was done for both twolevel system and three-level system, since the atoms have many levels. Although the three-level simulation shows better fittings to the data in many details, the two-level simulation result is well enough to capture most observed features. Explanation is that under the adiabatic condition, only a small percent of population is excited to the third level due to the cascade configuration of the levels and this justifies our two-level system approximation. The simulation results for a three-level system are also shown in Fig. 2 together with corresponding experimental curve. The simulation also shows that a large decoherence rate leaves a residue population on the excited states after the adiabatic pulse is gone, which is clearly seen in the experimental data.
Despite various attempts to demonstrate QASER in different systems [5, 6] , it is hard to prove experimentally that the amplification occurs due to the QASER mechanism. Our experiment showing how to generate multi-cycle Rabi oscillations with long adiabatic pulses is an important step towards possible experimental demonstration of the QASER in quantum optics systems. 
